Many characteristics of Quercus in the Swedish landscape provide challenges for 75 conservation management. These include its low abundance and vulnerability to further 76 reductions, its scattered distribution and the extreme age of many individuals. In particular, 77 there is uncertainty concerning the future status of Quercus, the resulting consequences for 78 species that are dependent on Quercus, appropriate targets for the restoration of populations in 79 the landscape, and the need for management to achieve these desired conditions ( by an increasing human population, many forests of mature Quercus and Fagus were 151 converted into dense brushwood (Fritzbøger 1992 probably rather tolerant to fires and also favoured by human activity (Bradshaw & Lindbladh 166 2005) . Quercus petraea has a similar distribution and ecology as Q. robur but is much less 167 common. Compared to Q. robur it has an even larger tolerance to sites with thin soils but is 168 less tolerant of poorly drained conditions. 169
170
In Scandinavia Quercus has a southern distribution, centred along the coast in the temperate 171 vegetation zone (Fig. 2) . In this region a large proportion of the remaining forest is comprised 172 of broadleaf trees but the total forest area is rather limited (<30%) due to historical conversionzone approximately 60% of the land is occupied by forests, but Quercus occurs as a minor 175 component. Forests in this region are largely dominated by nearly pure stands of Picea abies 176 (c. 47% of total volume) and Pinus sylvestris (ca 29%) managed for timber production and 177 characterized by low value for biodiversity. Quercus occurs both in natural stands and in 178 forests intensively managed for timber production. Approximately one-third of the trees 179 exceed 45 cm in diameter, with most of the larger trees occurring in natural stands (Nilsson et 180 al. 2008) . Quercus intended for timber production are usually cut by an age of c. 120 years, 181 which is decades before they develop the 'old tree structures' of large stem diameter, coarse 182 cracked bark and decay-infested hollows that provide important habitats for many insects and 
Drivers of long--term vegetation dynamics 405
The landscape-scale resolution of our pollen records provides insights into the details of the 406
Quercus decline and the species and vegetation that replaced it. In the hemiboreal zone the 407 decline of Quercus appears to be controlled by competition with other forest species, 408 mediated by human activity. Picea and Pinus are strongly negatively associated with Quercus 409 and increase as it declines (Table 2) . Pinus was common in the eastern hemiboreal zone in the 410 beginning of our record (Fig. 5) . On a landscape scale it is likely that Pinus replaced Quercus 411 in the hemiboreal zone due to the strong similarities of the two species in terms of fire 412 resistance and tolerance for both dry and wet sites ( (Fig. 5) . Quercus. It appears that in the south and west agricultural land began to replace Quercus in 440 many places after the 5 th century AD. In both zones modern forestry and regional planting 441 produced the large regional increase of the two conifers during the last c. 150 years ( In order to reverse this trajectory it appears critical to re-establish Quercus population 498 abundance and distribution to levels that existed in prior times and as documented in this 499 study. To enhance population survival and facilitate dispersal among populations and in the 500 face of future environmental changes, it is advisable to increase Quercus populations and 501 establish increased connectivity among Quercus forests across the landscape and region. This 502 activity should not only focus on infield sites (or on areas in their proximity) that represent 503 conservation hotspots in the modern landscape (Nilsson 2001) , but be applied also across the 504 broader landscape and through the matrix of today's production forest. Quercus naturally 505 regenerate in not too dense coniferous production forests, especially in dry and warm areas, 506
and if the browsing pressure is not too strong (Götmark et al. 2005) . The natural regeneration 507 will probably increase under a warmer future climate (Sykes et al. 1996) . However, today's 508 management regime overrides climate in controlling the abundance of the species. Current 509 practices in coniferous production stands call for a total removal of all Quercus saplings 510 during pre-commercial thinning (Götmark et al. 2009 
